Six sigma approach to real time cast in-situ slab concreting process improvement by Niaraki, Seyed Ali Mousavi
CONTENTS 
 
 
 
CHAPTER                     DESCRIPTION                                      PAGE 
                                           TITLE 
                                           DECLARATION 
                                           DEDICATION 
                                           ACKNOWLEDGEMENT 
                                           ABSTRACT 
                                           ABSTRAK 
                                           CONTENTS 
                                           LIST OF TABLES 
                                           LIST OF FIGURES 
                                           LIST OF APPENDICES 
 
CHAPTER 1                     INTRODUCTION 
1.1 Introduction                                                    1 
1.2 Problem statement                                          2 
1.3 Objectives of the Research                             3 
1.4 Scope of the Study                                          3 
 
 
 
CHAPTER 2                    LITERETURE REVIEW 
                                                  2.1     Construction Process                                       4 
                                                            2.1.1  Background of CPI                                4 
                                                            2.1.2  CPI Tools & Techniques                       5 
                                                   2.2    Six Sigma                                                         8 
                                                            2.2.1  Historical Background of Six Sigma     8 
                                                            2.2.2  What is Six Sigma?                                12 
                                                                       2.2.2.1 Why Six Sigma?                       14 
                                                            2.2.3  Six Sigma Problem Solving Process      20 
                                                            2.2.4  DMAIC                                                  21 
                                                            2.2.5  Six Sigma Champion                             21 
                                                                       2.2.5.1  Master Black Belt                    22 
                                                                       2.2.5.2  Black Belt                                23 
                                                                       2.2.5.3  Green Belt                                23 
                                                                       2.2.5.4  Yellow Belt                              24 
                                                         2.2.6  Six Sigma Principles & Metrics               24 
                                                         2.2.7  Six Sigma as a Quality Movement           28 
                                                                    2.2.7.1  (1.5 Sigma)                                 29 
                                                                    2.2.7.2  (3 Sigma (TQM))                        29 
                                                                    2.2.7.3  (3 Sigma with 1.5 Sigma Shift)  31 
                                                                    2.2.7.4  (4.5 Sigma)                                 32 
                                                                    2.2.7.5  (4.5 Sigma with 1.5  
                                                                                  Sigma Shift)                               32                      
                                                                    2.2.7.6  (6 Sigma)                                    33 
                                                         2.2.8  Six Sigma in Construction                        35 
                                                                    2.2.8.1  Pervious Application of  
                                                                                 Six Sigma in Construction          37 
                                                2.3  Cast-In-Situ Concreting Process                           37 
                                                         2.3.1  Design of Mix & Reinforcing                   38 
                                                         2.3.2  Ready-Mix & Hand-Mix                          38 
                                                         2.3.3  Workability of Concrete                           39 
                                                         2.3.4  Access to Site                                           40 
                                                         2.3.5  Formwork                                                 40 
                                                         2.3.6  Placement                                                 41 
                                                         2.3.7  Curing                                                       42 
                                                2.4  Reinforced Concrete Cracks                                 45 
                                                         2.4.1  Structural Cracks                                      45 
                                                         2.4.2  Application Based Cracks                        45 
                                                                    2.4.2.1 Fresh Concrete Cracks                 45 
                                                                     2.4.2.2 Settlement Cracks                       46 
                                                                     2.4.2.3  Plastic Shrinkage Cracks           46 
                                                                     2.4.2.4  Over Aged Concrete Cracks      48 
 CHAPTER 3                    RESEARCH METHODOLOGY 
                                           3.1  Introduction                                                        50 
                                                  3.2  Method of Data Collection                                 50      
                                                  3.3  Data Collection                                                   50 
 
CHAPTER 4                    DATA ANALYSIS 
                                           4.1 Introduction                                                         53 
                                                  4.2  DPMO Calculation of Current  
                                                         Cast-In-Situ Slab Concreting Process                54 
                                                  4.3  Identify Causes & Root Causes of  
                                                         Plastic Crack in Cast-In-Situ Slab 
                                                         Concreting Process                                             61 
                                                  4.4  Identify Potentials Level of  
                                                         Each Root Causes                                               68 
                                                  4.5  Identify Frequency Level of  
                                                         Each Root Causes                                               69 
                                                  4.6  Proposed Check Sheet for Real Time  
                                                         Improving Cast-In-Situ Slab 
                                                         Concreting Process                                             70 
                                                  
                                               4.7  Explanation of Items of Proposed  
                                                         Check Sheet                                                        74 
                                                  4.8  Explanation of Proposed Check Sheet                75 
 
CHAPTER 5         CONCLUSION AND RECOMMENDATION        
                                                  5.1  Conclusion                                                          77 
                                                  5.4  Recommendation                                                77 
 
REFERENCES                                                                                       79 
 
APPENDICES                                                                                         81 
                                          
 
 
 
 
 
 
 
 
 LIST OF TABLE 
 
TABLE NO.                                   TITLE                                        PAGE 
Table 2.1                Contrasting Six Sigma and Total Quality Management               17 
Table 2.2                Simplified Sigma Conversion Table                                             27 
Table 4.1                Root Causes of Plastic Crack in Cast-In-Situ Slab  
                               Concreting Process                                                                        66 
Table 4.2                Percentage of each category in each potential level  
                               according to number of root causes in each category  
                               which is placed in each potential level                                          68 
Table 4.3                Percentage of each category in each frequency level  
                               by considering number of root causes which is placed  
                               in each frequency level                                                                  69 
 
 
 
 
 
 
 
 
 
 
  
 
LIST OF FIGURE 
 
FIGURE NO.                                   TITLE                                      PAGE 
Figure 2.1                  Traditional bell curve of normal distribution of data                 14 
Figure 2.2                  3.4 deviate from either side of the average                                 15 
Figure 2.3                  Process of introducing Six Sigma                                               18 
Figure 2.4                  Systematic and scientific approach of Six Sigma                       18 
Figure 2.5                  1.5 Sigma                                                                                     29 
Figure 2.6                  3 Sigma (TQM)                                                                            30 
Figure 2.7                  3 Sigma with 1.5 Sigma Shift                                                       31 
Figure 2.8                  4.5 Sigma                                                                                      32 
Figure 2.9                  4.5 Sigma with 1.5 Sigma Shift                                                    33 
Figure 2.10                6 Sigma                                                                                         34 
Figure 2.11                Six Sigma’s Structured Methodology (DMAIC)                          35 
Figure 2.12                Operations involved in traditional concrete  
                                  Construction (schematic)                                                               44 
Figure 2.13              Classifications of Cracks in Reinforced Concrete                          49 
 
Figure 3.1                 Methodology Flow                                                                         52 
 
Figure 4.1                 Concerting process                                                                         55 
 
Figure 4.4                 Cracks which is investigated from the site                                     58 
 
Figure 4.5                 Fish Bone Diagram                                                                        62 
 
Figure 4.6                 Pareto Chart                                                                                    67 
 
Figure 4.7                 Proposed Check Sheet                                                                    71 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
LIST OF APPENDICES 
 
APPENDICES                                          TITLE                                                  PAGE 
A                                  Questionnaire Form A                                                            82 
A                                  Questionnaire Form B                                                            89 
B                                   Six Sigma Conversion Table                                                 96 
